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"Cellular  interactions  in  the  circadian  dock-  the  supradiiasmatie  nncleas 
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This  is  die  find  report  on  opr  research  grant  ftom  the  AFOSR  to  Stanford 
University.  May  1997  marked  the  end  of  el  year  no-cost  lime  extiastoft  that  allow^  us  to 
complete  wodc  on  ooi  project  that  bad  been  started  during  foe  previous  force  years.  This 
one  year  exiension  was  very  helpfol,  and  because  of  this  we  were  aMe  to  publish  several 
papeis  on  the  eixcadlan  dock  in  foebypofoalamus,  foe  supraehiasmatie  uodeiis 

CSCN). 


FiiidiiifiSt 

During  foe  period  (1993-1997  of  support  from  AFOSR,  we  completed  many  papers.  Some 
of  those  listed  below  deal  exclusively  with  the  subject  of  foe  piopcsal,  the  suptachiasmadc  nudeos, 
and  some  deal  indirectly  wifo  issues  related  to  the  dteadian  docK  or  traosmitteis  f«md  in  foe  SCN. 

A  substantial  effort  was  invested  in  examiniag  foe  two  primary  bansmiltas  in  foe  SCN. 
riuiamatc,  which  is  excitaiory,  and  GABa,  which  is  inhibitoiy.  These  two  axe  paniculariy 
important  because  the  primacy  input  from  the  retina  that  phase^fts  the  dock  is  glutamate,  and  foe 
piunary  transmitier  made  by  SCN  cdls  foemsdves  is  GABA 

Immunocy  tochemistiy,  decocphysiology,  digital  ealeium  imaging,  and  molecular  biology 
was  used  to  study  GABA  and  gfotamate  in  the  SQif,  and  lo  study  how  foe  other  transaineR  found 
in  the  SCN  can  modular  release  or  response  to  these  two  priznaiy  trausnuneis.  One  impoRant 
fiprfjnp  was  that  when  glutamate  and  GABA  lec^tors  were  blocked  with  specific  mtagonists,  m 
postsyuaptic  potcntisls  could  bo  found  cidior  in  SCN  slices  or  in  SCN  cultoits*  Tliis  suggests  ihftt 
in  foe  absence  of  g>»itflTnAta  and  GABA  no  other  transmitter  is  by  itsdf  shows  much  synaptic 

activity  in  foe  SCN.  i 

Glutamate  plays  a  significant  role  in  initiating  phase  shifts  of  eitcadiandhyfonis. 
Recent  evidence  suggests  th^  both  metabotropic  and  ionotropic  ^utamate  receptors  influence 

phase  shifis.  With  deetzoo  microscopy,  inmunoreactivigr  for  different  metabotropic  OluRs  was 
found  both  pre>  and  postsynaptically  in  nedmns  and  in  astrocytes.  Using  cDNA-PCR  and 
iffimunoeytoehemistty,  we  found  that  mRNA  for  all  8  metabotropic  GluiR  genes  that  have  been 
cloned  to  date  is  expressed  by  SCN  neuron^,  includkg  a  new  s;^ice  ysriant,  mGluRTb.  With  whole 
cell  patch  dan^  lecording  using  a  novel  model  of  sin^e  sdf’umervating  neuronfi,  all  three  dass  of 
mOluRs  can  be  found  in  single  SQ^  axons',  and  foese  presynaptic  mGluRs  modidaie  each  other. 

NeuFQpq>tide  Y  (NPY)  is  found  in  SCN  inneivafiou  arising  from  foe  foslanrio 
intergeniculaie  leaflet,  a  visual  relay  pafoway.  Injections  of  NPY  into  the  SCN  cause  phase  shifts  in 
behavior  and  electrical  aedviiy.  Alfoougb  in  many  other  re^s  of  foe  brain  such  as  foe 
hippocampus  NPY  has  little  effect  on  GAB  Aeigic  neotons,  in  foe  SCN  a  substantial  depression  of 
C/&  A  release  was  found.  NPY  reduced  foe  aii^liRide  and  fiequeni^  of  inhibitory  postsyn^tic 
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cuiTMits OPSCs) in SCNneuwns, acting  at Yl- andp-typt^gw o^prwscdinsmgeSCN 

In  me  presence  of  tettodotoxin,  SCN  axons  still  released  GABA  iDdqoendeat  of  Mtion 
notentials.  reduced  the  ftequency  of  miulatHre  IPSCs  io  die  ftfosence  of  teiiodotoxm, 

supportiDg  a  presy  naptic  mechanism  of  action.  NPY  also  mdvjced  the  fiequfflcy  and^litude  of 
glumm^media^  excitatory  posesynaptie  currents  in  SCN  slices.  In  developms  SCN  neurons, 
NPY  reduced  GAB  A-mediat»  excitation  and  calcium  rises,  in  part  by  a  nechamsm  mat  may 
involve  protein  kinase  A  and  cAl^  modulation. 

One  interesting  and  novel  outcome  of  our  data  is  that  many  of  the  transmitters  of  the  SCN 
exert  most  strikiig  ^^ct  not  on  the  cell  body,  but  rather  on  the  axon  tern^aL  In  most  ea^, 
me  ^ect  on  the  axon  terminal  was  to  reduce  release  of  the  axon's  transmitter.  The  mectoisra  for 
this  was  sometimes  based  on  reducing  die  inflow  of  caldum  ions,  a  necess^  prereqi^te  »r 
transmitter  release.  Previous  work  on  the  SCN  has  fbcused  on  transnutter  effect  on  the  neuron 
body.  Our  work  supported  by  the  Air  Force  is  the  fust  to  find  large  effects  of  SCN  iransimners  that 
act  on  axon  terminal  of  the  SCN  neurons. 


Relevance  to  the  Air  Force  mission. 


efScienev  at  times  of  die  24  hour  day  when  performance  is  usually  low,  tor  instance  m  the 
middle  of  the  night.  It  has  been  estimated  that  6$%  of  accidents  involving  airoaft  iMy  be  doe  to 
human  error,  and  human  error  is  most  likely  at  times  of  the  day  when  sleep  is  usu^y  occunmg. 
Part  of  fliis  is  doe  to  the  eiroadlan  dock  in  the  brain  that  regulates  states  of  sIcot  aim  ^ 
wakefulness.  Our  work  at  the  cfllulm'  level  focuses  on  the  mechanisms  by  which  the  internal 
dock  in  the  suprachiasmatic  nucleus  can  respond  to  naturally  occurring  substances  in  the  brain 
that  undfidie  normal  phase  shifts.  The  next  step  will  be  to  ask  quetions  about  tow  this 


side  effects  of  some  of  the  drugs  that  eunently  are  used,  for  instance  an^hetamines. 

This  work  is  relevant  to  potential  msebanisms  of  phase  shifting  of  droadian  diyfinn&An 
intimate  of  how  single  SCN  neurons  respond  to  ^ents  that  underlie  ph^  shmmg 

is  to  abetter  knowledge  of  how  to  accelerate  phase  sbiftisg  of  the  human  mxcadian  docki 


SDUtS  m  WOIK  SCDeouics  ana jev-uig.  rwi  loaumt-w,  a 

rabstentially.  Owdaa  on  NPY  suggest  ttatil  can  reduce  transmitter  release,  ptmg 

influx  in  the  tenninal.  This  suggests  that  one  could  potentially  use  a  chemical  sunil^  to 
NPY  to  phase  shift  circadian  i^thms  ofjpilois  or  flight  surgeons  who  are  involved  in  sustained 
opetations  over  several  days.  "Whereas  NrY  by  itself  does  not  cross  the  blood  brain  barrio, 
other  newer  NPY-like  substances  have  just  become  available  tiiat  do  cross  the  bbod  brain 
barrier,  and  would  be  able  to  get  to  the  SCN.  These  substances  should  to  available  m  uie  near 
future,  and  may  be  of  significant  use  in  chemied  fadlitation  of  phase  shifting  to  enhaoM 
performance  at  times  when  humans  would  nonnally  be  sleeping,  and  qtute  possib^  wittoitt  w 
side  effects  of  drugs  now  be  used.  Altetnatdy,  dru®  that  act  directly  on  calcium  cbmnels  Qike 
NPY  does)  may  have  the  same  effect  as  NPY,  andwould  provide  another  route  of  drug 
disooveiy  for  phase  shifting  the  endogenous  clock. 


Daring  this  period  of  support,  the  following  scientists  worked  on  the 
experiments, 

Andiony  N.  van  den  Pol,PhD 
Andrei  Belousov,  FhP 
Gong  Chen,  PhD 
VinhCao 
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Karl  Obdetan.  PhD 
Paul  Ftanka.PbD 
RogaMortisetii& 
LaureK^PhD 


Publications.  Fall  length  papere  only.  ^ 

The  foilowing  papers  done  between  11194  and  1997  acknowIed|i;ed 

AFOSR  support.  Some  focus  on  the  SCN  (in  bold),  and  othen  examine 

related  topics,  but  include  information  relevant  to  the  SCN  or  its 

neurotransmitters* 

van  den  Pol,  A.N.,  and  TromWey,  P.Q.  (1993)  Glutamate  neurons  in  hypothalamus 
regulate  exeicaioty  transmission.  Journal  of  Neuroscience  13i  2S29>2836. 

van  den  Pol,  AJ^.,  L  Hemums-Botgineyex,  M.  Hofo,  P.  Ghosh,  and  S.  Hemem^ 
(1994)  Ionotropic  MutBffiate<teceptoi  gene  expression  in  hypothalamus:  loealizanon 

of  Al^A,  kainate,  and  NMDA  receptor  RNAwidt  in  situ  hybridization.  loqmalof 
Comparative  Neurology  343: 428-444. 

van  den  Pol,  AN.,  C.  Decavel,  K.  Bina,  and  P.  Ghosh  (1994)  VGF  expression 
dttoughoui  the  brain.  Journal  of  Comparative  Neurology  347: 455-469- 

van  den  Pd,  A.N„  L,  Kogelman,  P.  Ghosh,  P,  Liljelund,  and  C.  Blacfcstone  (1994) 
Developmental  regulation  of  the  hypolbalamk  glutamate  receptor  mGluRl.  Joucoal  of 
Nouroscienoe  14: 3816-3834> 

van  den  Pol,A  (1994)  Metaibotroittc  glutamate  receptor  mGluRl  distribution  and 
ulmstructural  localization  in  hypoth»aitnis.  Journal  of  Comparative  Neurology:  349: 
615-632. 

Romano,  C,  MASespia,  CJdacDonald,  K.O'Malley,  AN,  van  den  Pol  and  J.Olaey 
(1995)  Distobution  c^metabotcopic  glutamate  receptor  mGluRS  uzunoDOieaetivity  in 
raibrairLJ.  Comp,  Neurology.  355;  455-469. 

van  den  Pol,  AJ^.  ,K.Obtietan,  V.Cao  and  PLTromblcy  (1995)  Emb^onic 
hypothalamic  expreesion  of&nctianal  glutamate  receptors  Neuroscience;  67: 419- 
439. 

Obrietan,  K.  and  A,N.  van  den  Pol  (1995)  Calcium  hypetexcitability  in  neurons 
cultnrisd  witii  glutamate  receptor  blockade.  Journal  of  Neurophysiology,  73: 1524* 
1536. 

van  den  Pol,  JJ*.Wuarin  and  REDud^  (1995)  Glutarnate  neureiransnussioii  in 
the  neuroen^crine  hypothalamus.  In;  Excitatory  Aniino  Acids:  Their  Role  in 
Neutoendoerine  Funenos,  Edited  by  D.WRrann  and  V.  Mahesh.  CRC  Press,  Boca 
^^ron,  PDi  1—54.. 

Obrietan,  K.  and  AJN.van  den  Pol  (1995)  Developmental  reversal  of  die  role  of  GABA 
in  elevating  and  depressing  Ca2<i-.  Journal  of  Neuroscience.  15: 5065-5078. 
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Obrietan,  K,  AJSelousov,  H.CJiellcr  and  A.N.  van  den  Pol  (1995)  Adenosine  pre-  and 
postsynaptic  modulation  of  glutamate  dependent  caldum  activity  in  hypothalamic 
neuronS'  Journal  of  Neurophysiology.  74:2150-2162. 

Romano, C..  A.N.van  den  Pol,  and  K.LO'MalIey  (1996)  Enhanced  early 
devel^me^  emtession  of  the  metabotropic  glutamate  lec^tor,  mOluRS  in  rat 
brain:  protien,  splice  variants,  and  regional  distribution.  Journal  of 

Comparative  Neurology,  367:403*412. 

ObrietaiiiK.,  and  A.N.van  den  Pol  (1996)  NPY  depresses  GABA; 
mediated  calcium  transients  in  developing  suprachia^atic  nncleus 
neurons,  a  novel  fonn  of  calcium  long  term  depression,  J, 

Neurosci,16:  3521-3533, 

▼an  den  Pol,A.N.»  GJ.Streeker,  F,E.DudeIc  (1996)  Excitatory  and 
inhibitory  amino  acids  and  si^aptie  transmission  in  the 
supraehiasmatic  nucleus-  Progress  in  Brain  Research..  Ill:  41*56. 

van  den  Pol  A.N.,  A.Bdousov.  K.Ohrietan  (1996)  Glutamate  hwerexcitebijiiy  end 
seizore-1^  activity  throughout  brain  aod  spinal  cord  li^n  reli^  fiom  gluiamaie 
rec^tor  blockade  In  vitro.  Neurosci.,74;  653*674, 

ChemG.,  P.Trombley,  and  A.N.van  den  Pol  (1996)  Exeiiatoiy  actions  of  GaBA  in 
developing  neurons.  Journal  of  Physiology  O^nd.)  494: 451-464. 

van  den  Pol,  AN.,  Obrieian  K,  Chen  G  (1996)  Excitaioty  effects  of  GABA  after 
neuronal  trauma.  Journal  of  Neuroscience,  16:  4283-4292. 

ObiietanJL,  andA.N.vandenPol  (1996)  Growth  cone  calcium  rise  by  GABA, 

Jonunal  of  Comparative  Neurology,  372: 167-175, 

van  den  Pol,A,N,  V.Cao,  and  AJelousov  (1996)  Dopamine  modulation  of  glutamato-iegulated 
calcium  and  electrical  activity  in  hypothalamic  neurons.  Journal  of  Neurophysiology,  76: 
3934-3948. 

van  den  FolyA.N.,  K.Obrietan,  G.CbeUi  and  A.BeIousov  (1996)  NPY 
mediated  long  term  depression  of  excitatory  activity  in  supraehiasmatie 
nucleus  neurons.  Journal  of  Neuroscience,  16:  5S83-5895. 

Chen,G-  and  A.N.  van  den  Pol  (1996)  NPY  Yl-  and  Y2*l!ke  receptors 
coexist  in  pre-  and  postsynaptic  sites:  inhibition  of  GABA  release  in 
isolated  self-inuenmting  SCN  neurons.  Journal  of  Neuroscience  15: 

7711-7724. 

Haafc,L„  HiC.Heller,  and  A.N.van  den  Pol  (1997)  Metabotropic 
glutamate  receptor  activation  modulates  kainate  and  serotonin  calcium 


NtlNO.925  Ph'.bT 

P.S/6 


r^fpnwge  in  sstrocytsfii  Joum&I  of  NEUiroscicnco  17*  1825*1837> 
(studied  in  supraeliiasniatic  naeleus  astrocytes) 

Beloiisov,A.,  and  A.N.van  den  Pol  (1997)  Local  synaptic  release  of 
glutamate  from  neurons  of  the  rat  hypothalamic  arcuate  nucleus.  Journal 
of  Physiology  (Lend.),  499: 747-761, 

van  den  Pol,A,N.  (1997)  GABA  immunoieactivity  in  hypothalamic  neurons 
and  giDW^  cones  in  early  development  in  vitro  prior  to  synapse  formation. 

Journal  of  Comparative  Neurology,  In  press. 

Cheii,G.  and  A.N.van  den  Pol  (1997)  Adenosine  modnlation  of 
calcium  currents  and  presynaptic  inhibition  of  GABA  release 
in  soprachiasnuitic  and  arcuate  nucleus  neurons. 

J.Neuropby5ioL,  In  pressi 

6bo5b,P.K.,  N.Bask8ran,  and  A.N.van  den  Pol  (1997)  Dcvelopmentaily 
regulated  g;ene  expression  of  all  eight  metabotropic  glutamate  receptors 
iji  hypothuamic  SCN  and  arcuate  nuclei*.  Develop3rain  Res.  In 
press. 


+ 18  abstracts  (not  listed) 

The  papers  above  cited  AFOSR  support.  Most  ate  relevant  to  the  SCN. 

Lectures.  ...  .  . 

During  dte  course  of  diis  s^^cation,  the  PI  was  invited  to  give  lectures  on  the  topic  of  me 

results  of  diis  grant  at  the  foUowing  p!^^' 

Daxtmouth  College,  New  Han^sbiie 
Gordon  Confocenee,  Veixnont 

Netherlands  Brain  Research  Institute,  Amsterdam,  Holland 
Yale  University,  Connecticut 
Smldi  College,  Mass. 

Stanford  University,  Calif. 

Colorado  State  Univ.  Fort  Collins,  Colo. 

Data  was  also  presented  at  the  national  meeting  of  the  Society  for  Neuroscience  in 
Miami,  Florida 
Wasbingion,  DC 
San  Diego,  Calif. 


No  patents  were  filed  (1993*1997). 


